Transient photoconductivity and ESR measurements were done to relate the ionized dangling bond density and the spin density of thick hydrogenated amorphous silicon (a-Si:H) detectors. We found that only a fraction (-30 • 35%) of the total defect density as measured by ESR is ionized when the detector is biased into deep deplrr^-. TV: measurements on annealed samples also show that this fraction is about 0.3. An espial i -->n based on the shift of the Fermi energy is given. The measurements show that i'v rim: spendence of relaxation is a stretched exponential.
I. INTRODUCTION
Charge collection in hydrogenated amorphous silicon p-i-n detectors depends on various material parameters such as carrier mobility and carrier mobility-lifetime product Another material parameter vital to charge collection in amorphous silicon detectors is the ionized dangling bond density, as this determines how rapidly the electric field falls off in the active region of the detector. In this paper we describe measurements of these material parameters in thick (>25 urn) amorphous silicon detectors. A pulsed nitrogen-dye laser system with 3 ns pulse width is used for this purpose at a wavelength of 510 nm which has an absorption mean free path -0.2 nm in a-Si:H and is used to provide information on the individual contribution to the signal of the electron and hole motion. This is done by having die laser light incident on the p or n side of the p-i-n detector. These lands of experiments provide detailed information about the internal electric field and charge collection which allows the performance of a-Si:H particle detectors to be evaluated. t Sample was subsequently heat treated (Section IV and V). * GSI sample, ** Estimated from HeteNd.
It is seen that the ionized dangling bond density values are a small fraction of the spin density. This observation is also corroborated by making fits to the measured hole signal of Table 1 . We have also used u.tNd product to estimate Nd for the annealed sample discussed in Section IV.
To eliminate possible effects of impurity variations from sample to sample in relating the ionized dangling bond density and the spin density, measurements were done on a sample whose dangling bond density was increased by heating. The initial spin density of a 27 |im n-ip sample before heat treatment was 2.6 x 10 1S cm* 3 (ESR) and die ionized defect density 8xl0 14 cm* 3 (TOF). The sample was heated to 300C* to increase the spin density to 6.5 x 10 15 cm-3 ; the ionized defect density was measured to be 2 x 10 15 cnr 3 . The fraction of defects ionized (-30%) before and after the heat treatment remained unchanged.
IV. DEFECT RELAXATION ON ANNEALING
The heat treated sample was annealed at 175C* and the ionized dangling bond density measured as a function of annealing time. where N&, and N^eq are the initial and equilibrium dangling bond density. p is a dispersion parameter and t s is the time required for structural relaxation. The plot of this curve for 175C is shown in Fig. 2 . It is seen that die curve is in good agreement with die derived values of Nd. In Fig. 3 the normalized defect density is shown as a function of annealing time. The data is  normalized to the initial and the equilibrium defect density values. From Figs. 2 and 3 it is seen that the ionized defect density as a function of annealing time also has the dependence of the same stretched exponential but reduced by about a factor of 3. This confirms that we are looking the same effect. represented by gaussian bands of width a. The two bands are separated by the correlation energy U. It is assumed that die equilibrium Fermi energy, Eft is pinned by the defects and so lies symmetrically between the two bands at zero bias. The Fermi energy will move to the center of the gap, Epy under condition of deep depletion. The fact that electrons are depleted rather that holes implies that Ejy is below ER>, so that the average energy of the defect levels is above mid-gap. The density of ionized defects is given by
where f is the Fermi function. 
